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Summary 
 
This article presents selected methods of examining polymer binders (in particular current or promising ones), including spectroscopy, 
microscopy, nanometry, chromatography and thermal analysis.  The table (containing 23 literature references) collates and generally 
characterises over 20 analytical methods from the above groups. In addition, information is presented on research conducted by the 
Environmental Protection Lab of the Chair of Casting Process Engineering, Faculty of Foundry Engineering, AGH University of Science 
and Technology concerning the physical chemistry of polymer casting binders.  
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1. Introduction 
 
As  the  modern  industry  of  polymer  material  synthesis  and 
processing  develops,  analytical  examinations  are  becoming 
increasingly significant. The scope of these examinations is huge. 
Initially,  only  polymer  materials  were  studied.  However,  more 
and  more  attention  started  being  paid  to  the  need  to  analyse 
substances  escaping  into  the  environment  and  leading  to  its 
contamination. In addition, it is becoming important to analyse 
the supporting raw materials added to polymers to give them the 
desirable  technological  characteristics.  This  mainly  concerns 
fillers,  plasticisers,  modifiers,  antioxidants  and  adhesion 
promoters.  
In the case of casting polymer binders, it is important to study 
the impact of the added networking substances (in the context of 
hardening the casting paste) and networking catalysts as well as to 
analyse the role and proportion of the binder solvent used in the 
process of hardening the casting paste. 
For  studying  polymer  binders,  structural  and  thermal  analysis 
examinations  seem  particularly  important,  as  they  allow  us  to 
identify the mechanisms processes whereby polymer binders in 
the casting paste harden or are destroyed. These examinations also 
lead  to  identifying  gas  products  of  the  destruction  of  polymer 
binders used in casting. 
 
 
2.  Methods  of  polymer  material 
examination 
 
For  analytical  examinations,  modern-day  chemistry  mainly 
uses  physical  methods  which  make  it  possible  to  precisely 
identify the location of atoms in molecules, determine the lengths 
of bonds, angles between them, define the bond energy and its 
polarisation,  and  also  establish  the  energy  levels  occupied  by 
electrons. Physical methods used in structural examinations can 
be split into three main groups: 
1.  diffraction methods; 
2.  polarisation methods; 
3.  spectroscopic methods. 
 
Diffraction methods – mainly used to examine the structure of 
solids:  X-ray  diffraction,  neutron  diffraction  and  electron 
diffraction. 
Polarisation methods consist in studying the physical effects 
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electric field, they allow such variables to be established as dipole 
moments  of  molecules  and  their  polarisability.  The  second, 
namely  magnetic  examinations,  yield  data  on  the  magnetic 
susceptibility and the magnetic moments of molecules and ions 
calculated based on it. 
Spectroscopic  methods  have  been  broadly  applied  in 
examining the structure of chemical compounds with crystalline 
and  amorphous  structure,  including  polymers,  as  well  as  the 
kinetics and the mechanism of the reactions by which polymers 
are  produced,  degraded,  networked  and  grafted.    Spectroscopy 
deals  with  analysing  the  interaction  of  the  electromagnetic 
radiation  with  matter.  This  interaction  consists  in  emitting, 
absorbing,  diffusing  or  reflecting  radiation  of  the  appropriate 
energy. The absorbed portion of energy may spin the molecule 
(rotation energy), vibrate it (oscillation energy) or move electrons 
from lower energy levels to higher ones (electron excitation). In 
order  for  radiation  quantum  energy  to  be  absorbed,  certain 
selection rules must be fulfilled [1, 2]. 
Depending on the energy of absorbed photons, spectroscopy 
is divided into: 
1.  microwave spectroscopy (examining rotation spectra); 
2.  IR  -  Infrared  Spectroscopy  (examining  oscillation-
rotation spectra); 
3.  Raman spectroscopy (examining rotation spectra); 
4.  EPR  -  Electron  Paramagnetic  Resonance  (studying 
electron-oscillation-rotation spectra); 
5.  NMR  -  Nuclear  Magnetic  Resonance  (studying 
electron-oscillation-rotation spectra). 
Some authors [3] believe that no new polymer examination 
methods will be developed in the future. However, the methods 
already known will be improved. Recently methods of examining 
polymer  surfaces  have  been  seen  to  develop  rapidly,  and  this 
applies inter  alia  to  spectroscopic and nanoscopic methods.  To 
structure  the  broad  theoretical  knowledge  of  polymer 
examinations,  Table  1  characterises  the  most  significant  and 
particularly up-to-date examination methods for polymers. 
 
Table 1. 
Polymer examination methods 
No.  Method  Characteristics and suitability  Bibliography 
1.   Infrared spectroscopy, techniques: 
  Fourier transform IR spectroscopy (FTIR) 
  Attenuated Total Reflectance (FTIR-ATR) 
  Diffuse Reflectance Infrared Fourier Transform 
Spectroscopy (DRIFT) 
  Photoacoustic spectroscopy (PAS) 
Identifying the type and the concentration of functional 
groups and interactions between them, orientation and  
crystallisation in the paste or on the surface (ATR). 
Analysis of fillers and sorption phenomena. 
Phenomena and reactions occurring at phase boundaries. 
[4-9] 
2.  Raman spectroscopy  Macromolecule structure, segment orientation, 
crystallographic structure, inter-molecular interactions. 
[9, 10] 
3.  X-ray photoelectron spectroscopy (XPS, ESCA)  Determining the constitution of surface layers and their 
chemical composition. 
[11, 12] 
4.  Secondary ion mass spectroscopy (SIMS)  Identifying elements found in trace amounts on the surface.  [13, 14] 
5.  Nuclear magnetic resonance spectroscopy (NMR), 
techniques: 
 
1H, 
13C, 
2D 
  Magic angle spinning (MAS) 
  cross polarisation (CM)  
  impulse, spin-spin and spin-network relaxation times 
Determining the type and the concentration of function 
groups, including cross-links, reaction course, chain 
microstructure, their dynamics, content of rigid domains 1-
200 nm in size. Examination of inter-molecular interactions. 
[15,16] 
6.  Electron paramagnetic resonance spectroscopy (EPR)  Determining paramagnetic centres of unpaired electrons and 
permanent radicals. 
[17, 18] 
7.  Matrix-assisted laser desorption ionisation time-of-flight 
mass spectrometry (MALDI-TOF-MS) 
Determining the molecular mass and its scatter, fractioning 
according to the chemical composition, analysis of the content 
and composition of substances in polymer compositions. 
[19] 
8.  X-ray diffraction scattering: 
  wide-angle (WAXS) 
  small angle (SAXS) 
Determining macromolecule conformation and configuration, 
their orientation, crystalline phase parameters, size and 
orientation on the solid state. 
[20] 
9.   Electron microscopy, nanoscopy: 
  Transmission Electron Microscopy (TEM) 
  Scanning Electron Microscopy (SEM) 
  Dark-Field Microscopy (DFN) 
Determining the dimensions and shapes of molecules in the 
solid state, their aggregates, pore sizes, fractal structure, order 
structure, crystallite sizes, solid state defects.  
[21, 22] 
10.  Nanoscopy 
  Scanning Tunnelling Microscopy (STM) 
  Atomic Force Microscopy (AFM) 
Examining the structure of polymer compositions at the 
molecular or even the atomic level. 
[23] 
11.  Thermal analysis 
  Microcalorimetry (MC) 
  Differential Scanning Calorimetry (DSC) 
  Differential Thermal Analysis (DTA) 
  Dynamic Mechanical Thermal Analysis (DMTA) 
  Thermogravimetry (TG) 
Measurements of the heat of physical transformations and 
chemical reactions. Determining the temperature of phase 
transformations, thermal stability. 
Determining the vitrification temperature, dynamic modulus, 
mechanical loss 
Identifying the contents of volatile substances, the 
constitution of polymer compositions, their thermal stability, 
the course of thermal destruction. 
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3.  Examination  of  casting  polymer 
binders 
 
The  Environmental  Protection  Lab  of  the  Chair  of  Casting 
Process  Engineering,  Faculty  of  Foundry  Engineering,  AGH 
University of Science and Technology has for many years carried 
out  wide-ranging  research  of  materials  used  in  casting  and 
metallurgy as well as in other fields important for environmental 
protection. In this research, a proprietary method recognised not 
only domestically but also internationally is used. This research is 
very important as it leads to replacing hazardous substances with 
environmentally-friendly materials in line with the Best Available 
Technique (BAT) requirements [27-28]. The complete assessment 
of the hazards posed by these materials is possible by using many 
research methods.  
In  addition,  research  is  done  on  employing  polymers, 
including  bio-polymers,  as  environmentally-friendly  binders for 
casting  pastes  [29-34].  The  Lab  team  developed  an 
environmentally-friendly  alternative  to  other  organic  binders, 
namely a polyacrylate binder, as well as a method for hardening it 
(patent application PL 378512 A1).  
In the casting industry polymers are mainly used as binders 
for  moulding  and  core  sand(mixes).  Natural  polymers  are  also 
used as the binding material for liquid protective coating whose 
purpose is to prevent the paste sticking to the cast and to make the 
surface of the latter smoother. Other polymers like silicone rubber 
and foamed polystyrene obtained by the appropriate processing of 
polystyrene are used as material for models. Foundrymen also use 
water  dispersions  of  polymers,  particularly  dispersions  of 
polymethacrylates mixed with waste sulphite liquor. These serve 
as strengthening coatings which improve some characteristics of 
the surface layer of the mould cavity or core [35]. An important 
function of polymers in the casting industry is their use, in water 
solutions,  for  tempering  castings.  This  makes  the  tempering 
process environmentally-friendly and safe for the staff. 
The  Lab  mainly  employs  spectroscopic  methods  (FTIR, 
RAMAN)  for  the  structural  testing  of  polymer  binders. 
Spectroscopic  examinations  allow  the  mechanism  of  the 
networking reaction in polymer binders to be identified, which 
seems particularly important for the entire process of casting paste 
hardening [31-34]. 
In addition, thermal analyses (TG, DTG, DSC) are conducted 
to determine the thermal stability of polymer binders and identify 
the course of their thermal degradation process, also in the context 
of the behaviour of casting pastes when they come into contact 
with liquid metal [36-38].  
A  very  important  field  comprises  examinations  aimed  at 
identifying  and  analysing  gas  products  of  the  destruction  of 
materials  used  in  metallurgy  and  casting,  including  polymer 
binders.  In  this  type  of  examination,  thermal  analysis  methods 
coupled  on-line  with  mass  spectrometry  (MS),  infrared 
spectrometry (FITR) and gas chromatography are used [37, 38]. 
 
 
4. Conclusions 
 
The rapid developments in structural examinations of polymer 
materials, in particular with the use of spectroscopic and thermal 
analysis methods, will lead to identifying many mechanisms of 
physical chemistry processes taking place in polymer binders as a 
result  of  various  external  factors  and  will  thus,  in  the  coming 
years,  make  it  possible  to  solve  many  technological  problems, 
including the reconciliation of theory and practice in the field of 
the physical chemistry of polymer binders. 
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